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T h i s  paper p r e s e n t s  a p r o g r e s s  r e p o r t  on our e f f o r t s  t o  de te rmine  t h e  k inds  and 
p r o p o r t i o n s  of  s i n g l e  bond i n  I l l i n o i s  No. 6 c o a l  t h a t  can  b e  broken below 100°C. The 
p r i n c i p a l  o b s t a c l e  t o  t h e  u s e  of p r e s e n t  l i q u e f a c t i o n  processes  i s  t h e  h igh  c o s t  of 
p l a n t s  t h a t  would employ t h e  r e q u i r e d  h igh  tempera tures  and p r e s s u r e s .  Our work d e a l s  
o n l y  w i t h  low-temperature p r o c e s s e s  near a tmospher ic  p r e s s u r e .  It h a s  focused o n  (1)  
t h e  a s p h a l t o l  f r a c t i o n  of I l l i n o i s  No. 6 c o a l ,  which i s  t h e  p y r i d i n e - s o l u b l e ,  toluene- 
i n s o l u b l e  f r a c t i o n  t h a t  comprises about two- th i rds  of t h e  15% of c o a l  t h a t  can be ex- 
t r a c t e d  by p y r i d i n e ,  and (2)  t h e  p y r i d i n e - e x t r a c t e d  c o a l ,  which i s  about 85% of t h e  
i n i t i a l  d ry  c o a l ,  and which r e p r e s e n t s  t h e  e s s e n c e  of t h e  l i q u e f a c t i o n  problem. 

Oxida t ions  

Previous  work by Huntington e t  a12 d e s c r i b e d  t h e  e f f e c t s  on t h e  same two sub- 
s t r a t e s  of (1) AIBN-in i t ia ted  o x i d a t i o n s  i n  p y r i d i n e  s o l u t i o n  a t  50°C, and (2)  r e f l u x -  
i n g  w i t h  a l c o h o l i c  KOH (781) w i t h o u t  oxygen. 
a v e r a g e  molecular weight (Mn, by vapor-phase osmometry) of t h e  a s p h a l t o l  by n e a r l y  50% 
b u t  s e q u e n t i a l  t r e a t m e n t  w i t h  both  r e a g e n t s  produced l i t t l e  a d d i t i o n a l  e f f e c t ,  as i f  
t h e  two r e a g e n t s  were a f f e c t i n g  s i m i l a r  bonds.  Only about 10% of t h e  e x t r a c t e d  c o a l  
w a s  made s o l u b l e  i n  p y r i d i n e ,  bu t  some s u b s t r a t e  became s o l u b l e  i n  a l c o h o l i c  KOH. 

E i t h e r  r e a g e n t  would reduce  t h e  number- 

N a O C l  o x i d a t i o n  of very  f i n e l y  d iv ided  e x t r a c t e d  c o a l  i n  water  suspens ion  a t  30" 
and pH 1 3  h a s  been much more e f f e c t i v e  i n  d i s s o l v i n g  t h i s  m a t e r i a l . 3  76% of t h e  
carbon i n  t h e  e x t r a c t e d  c o a l  has  been converted t o  b l a c k  a c i d s  (M, about 1000) s o l u b l e  
i n  aqueous base ,  and 7% t o  water -so luble  acids; 4% of t h e  i n i t i a l  carbon w a s  undis- 
so lved;  t h e  remaining 12% is presumably i n  carbon oxides .  Oxygen o x i d a t i o n  of ex- 
t r a c t e d  c o a l  i n  water  suspens ion  a t  pH 13 and 50" is much s lower  b u t  has  l e d  t o  85% 
d i s s o l u t i o n  of t h e  c o a l  and recovery  of 66% of t h e  o r i g i n a l  c o a l  i n  b l a c k  a c i d s .  Oxi- 
d a t i o n s  of a s p h a l t o l ,  w e l l  d i s p e r s e d  i n  water a t  pH 13 ,  gave b e t t e r  r e s u l t s :  wi th  
N a O C l  a t  30°,  99% d i s s o l u t i o n  and 93% of t h e  carbon i n  b l a c k  a c i d s ;  wi th  oxygen a t  50°,  
98% d i s s o l u t i o n  and 80% of  t h e  carbon i n  b l a c k  a c i d s .  

These o x i d a t i o n s  i n  w a t e r  suspens ion  a t  pH 1 3  and o x i d a t i o n s  w i t h  A I B N  and oxygen 
i n  p y r i d i n e  s o l u t i o n 2  a t  50°C appear  t o  proceed by d i f f e r e n t  mechanisms. 
i n i t i a t e d  o x i d a t i o n s  of e x t r a c t e d  c o a l ,  t h e  H/C r a t i o  d e c r e a s e s  from . 7 3  t o  .69, as 
i f  b e n z y l i c  hydrogen were be ing  removed p r e f e r e n t i a l l y .  However, i n  bo th  N a O C l  and 
oxygen o x i d a t i o n s  of bo th  a s p h a l t o l  and e x t r a c t e d  c o a l  i n  w a t e r ,  H / C  i n c r e a s e s  some- 
what, no twi ths tanding  rep lacement  of some H by 0 ,  s u g g e s t i n g  p r e f e r e n t i a l  removal of 
a r o m a t i c  groups.  P o s s i b l y  some hydroxyla ted  a romat ic  r i n g s  a r e  s i tes  of  a t t a c k .  The 
p r i n c i p a l  p r o d u c t s ,  b l a c k  a c i d s ,  from oxygen and NaOCl o x i d a t i o n s  i n  water  a t  pH 1 3  
have similar composi t ions .  

Cleavages of A s p h a l t o l s  

I n  r a d i c a l -  

R e s u l t s  of c l e a v a g e s  of a s p h a l t o l s ,  p robably  a t  e t h e r  l i n k s ,  a r e  summarized i n  
F i g u r e s  1 and 2 .  
s l i g h t l y  d i f f e r e n t  Mn.  I n  g e n e r a l ,  r e a c t i o n s  were r u n  under  n i t r o g e n ,  and a t  room 
tempera ture  e x c e p t  a s  no ted .  Products  were sometimes s e p a r a t e d  by s o l u b i l i t y  b u t  
always washed f r e e  o f  r e a g e n t s  and s o l v e n t s  and d r i e d  i n  an  Abderhalden d r i e r  a t  
<0.001 t o r r ,  u s u a l l y  a t  14OoC i n  F igure  1, u s u a l l y  a t  76OC i n  F i g u r e  2. 
need f o r  140' d r y i n g  seems to-be w i t h  samples t h a t  c o n t a i n  p y r i d i n e  or  amines and 
have n o t  been acid-washed.) M n s  were determined by VPO in p y r i d i n e ,  i n  which a l l  pro- 
d u c t s  were s o l u b l e ,  a t  c o n c e n t r a t i o n s  of 0 .5  t o  3g/L. Keys t o  a b b r e v i a t i o n s  and 

E_ach h a l f  of each  t a b l e  s t a r t s  from t h e  c e n t e r  w i t h  a s p h a l t o l  wi th  
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arrangement of d a t a  a r e  given i n  F igu re  2 .  
t h e  middle of each second l i n e  of each b lock  of d a t a .  

Thus, molecular  weights  of p roduc t s  a r e  i n  

Experiments i n  t h e  upper l e f t  q u a r t e r  of F i g u r e  1 show t h a t  e i g h t  e x t r a c t i o n s  of 

23% of  t h e  o r i g i n a l  C was l o s t ,  a t  l e a s t  p a r t l y  a s  wa te r - so lub le  
a s p h a l t o l  with 5% KOH a t  room temperature  r e s u l t e d  i n  s o l u t i o n  and r ecove ry  of 9% of 
s o l u b l e  carbon. 
and/or  v o l a t i l e  p roduc t s .  
a t  78O.2 

Molecular weight  r educ t ions  without  h e a t i n g  p a r a l l e l  t h o s e  

React ions of a s p h a l t o l  w i th  benzylamine ( lower l e f t  q u a r t e r  i n  F igu re  l ) ,  and 
then  drowning t h e  r e a c t i o n  i n  e t h e r  or methanol, r e s u l t e d  i n  p a r t  of t h e  a s p h a l t o l  
becoming so lub le  i n  t h e s e  s o l v e n t s  and a d e c r e a s e  i n  fin of about  one-half .  Treatment 
of the e t h e r - i n s o l u b l e  product  w i th  a l c o h o l i c  KOH r e s u l t e d  i n  f r a c t i o n a t i o n  of t h e  
product  b u t  not  f u r t h e r  deg rada t ion .  The butylamine-methanol combinat ion appea r s  t o  
behave s i m i l a r l y .  

Py r id ine  hydroiodide i n  p y r i d i n e  a t  room temperature  dec reases  t h e  En of a s p h a l t o l  
t o  one-half t o  one - th i rd  of t h e  o r i g i n a l  (upper r i g h t  i n  F igu re  1 ) .  Th i s  experiment  
w a s  run on the  premise t h a t  p y r i d i n e  hydroiodide would be an a c i d  i n  p y r i d i n e ,  which 
is an e x c e l l e n t  s o l v e n t  f o r  a s p h a l t o l .  
a s  H I .  Asphal t01 was t r e a t e d  wi th  methyl i o d i d e  a t  room temperature  i n  t h e  hope of 
making sulfonium as w e l l  as pyridinium salts .  
reduced p res su re  i n  t h e  e x p e c t a t i o n  of s p l i t t i n g  out  methyl i o d i d e  from pyr id in ium 
salts  (without  n e t  c o a l  bond c l eavage )  and conversion of t h e  o r i g i n a l  s u l f i d e s  t o  
methyl s u l f i d e s  and c o a l  a l k y l  i o d i d e s ,  w i t h  n e t  c l eavage  of s u l f i d e  bonds. However, 
t h e  r educ t ion  i n  En from 1250 t o  660 i s  s u r p r i s i n g l y  h igh ,  s i n c e  the  1 . 7 %  S con ten t  
corresponds t o  on ly  0.66 S / a s p h a l t o l  molecule ,  of which most is expected t o  be i n  
h e t e r o c y c l i c  a romat i c  r i n g s .  
d u p l i c a t e  experiment i n  F igu re  2 .  I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  I a l o n e  may be a b l e  
t o  c l eave  e t h e r  l i n k s , a  conc lus ion  t o  be supported i n  d i s c u s s i o n  of F i g u r e  2.  Thus, 
a b i l i t i e s  of Me.Si14 and of hexamethy ld i s i l azane  p l u s  MEsSiCl ( t h e  l a t t e r  i n t ended  f o r  
t r i m e t h y l s i l y l a t i o n ?  t o  c l e a v e  a s p h a l t o l s  may be due a s  much or more t o  h a l i d e  ions  
gene ra t ed  a s  t o  t h e  o r i g i n a l  r eagen t .  

However, methyl i o d i d e  w a s  n e a r l y  as e f f e c t i v e  

The product  was then  hea ted  t o  140' a t  

A somewhat g r e a t e r  r educ t ion  i n  Mn is r e p o r t e d  f o r  a 

We t r i e d  sodium i n  l i q u i d  ammonia as an e the r -c l eav ing  r e a g e n t ,  b u t  found t h a t  
a d d i t i o n  of sodium i n  l i q u i d  ammonia t o  a co ld  s o l u t i o n  of a s p h a l t o l  i n  butylamine 
gave b e t t e r  c o n t r o l ,  less r e d u c t i o n  of t h e  a s p h a l t o l ,  and a dec rease  i n  Mn by n e a r l y  
50%. Treatment of t h i s  product  with p y r i d i n e  hydroiodide ( r i g h t  c e n t e r  of F igu re  1) 
then gave f u r t h e r  r e d u c t i o n  i n  molecular  weight .  However, our d a t a  s u g g e s t  t h a t  com- 
b i n a t i o n  of the  sodium and H I  r e a c t i o n s  gave no more c l eavage  than  H I  a l o n e .  

F i g u r e  2 summarizes c l eavage  r e a c t i o n s  of two o t h e r  a s p h a l t o l s  w i t h  H I  (check of 
Figure 1 experiment) ,  H B r ,  t o luene  s u l f o n i c  a c i d ,  and some me ta l  s a l t s ,  (except  
t h e  Me1 experiment)  i n  p y r i d i n e  s o l u t i o n .  The o t h e r  a c i d s ,  even a t  50°,  are n o t  a s  
e f f e c t i v e  a s  H I  a t  room temperature ,  b u t  z i n c  bromide, and e s p e c i a l l y  z i n c  c h l o r i d e  
and L i I*Hz0 ,6  have given more molecular  weight  r e d u c t i o n  than any of t h e  a c i d s .  How- 
e v e r ,  a l l  of t h e s e  r e a c t i o n s  have a p p a r e n t l y  r e s u l t e d  i n  i n c o r p o r a t i o n  of p y r i d i n e  i n  
t h e  p roduc t s ,  a s  shown by t h e  high r e c o v e r i e s  and h igh  n i t r o g e n  con ten t s .  Some pro-  
d u c t s  a l s o  l o s e  weight  s lowly and p e r s i s t e n t l y  on h e a t i n g  a t  140" i n  vacuo.  
exp lana t ion  is t h a t  c l eavage  of an a r y l  a l k y l  e t h e r  by me ta l  h a l i d e  g i v e s  metal  pheno- 
l a t e  and a l k y l  h a l i d e ;  some of the  l a t t e r  then r e a c t s  w i t h  p y r i d i n e  s o l v e n t  t o  g i v e  
u n s t a b l e  qua te rna ry  pyridinium s a l t s .  However, t h e  remarkable  r e a c t i v i t y  of t h e s e  re -  
agen t s  a t  low temperatures  may be a s s o c i a t e d  wi th  t h e  use of p y r i d i n e  as s o l v e n t .  

Conclusions 

A p o s s i b l e  

Th i s  p rogres s  r e p o r t  shows t h a t  a s p h a l t o l  from I l l i n o i s  No. 6 c o a l  can  be ex ten -  
s i v e l y  degraded a t  or nea r  room temperature  by s e v e r a l  a c i d i c  and b a s i c  r e a g e n t s  and 
by some o x i d i z i n g  and r educ ing  a g e n t s ,  w i t h  good t o  e x c e l l e n t  recovery of o r i g i n a l  
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carbon. These a g e n t s  appear  t o  a t t a c k  e t h e r  l i n k s ,  o r  maybe aromat ic  r i n g s  i n  oxida- 
t i o n s  a t  pH 1 3 ,  b u t  a s  y e t  we know of no precedent  f o r  r e a c t i o n s  of a l i p h a t i c  amines 
o r  a l c o h o l i c  KOH wi th  e t h e r s  a t  t h e s e  tempera tures .  To de te rmine  t h e  p r o p o r t i o n s  of 
v a r i o u s  kinds of  b r e a k a b l e  s i n g l e  bonds i n  I l l i n o i s  No. 6 c o a l ,  we p l a n  t o  c a r r y  out  
f u r t h e r  degrada t ions  on a s p h a l t 0 1  by combinations of r e a g e n t s ,  and t h e n  ex tend  t h e  
most promising of t h e s e  r e a c t i o n s  t o  e x t r a c t e d  c o a l .  We expec t  t h a t  t h i s  k ind  of 
in format ion  w i l l  p r o v i d e  t h e  b a s i s  f o r  new and economical approaches t o  c o a l  l i q u e f a c -  
t i o n ,  which w i l l  employ much m i l d e r  c o n d i t i o n s  and much less expens ive  p r o c e s s e s  and 
p l a n t s .  
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23-A 82 / .7T/ . lY  2 4 4  81/.790/.133 

03.6/ 524/ - 03.4/ 616/ - 

11-A 104/.784/ - 
Asph 100/.787/.125 104/ 555/ - 

H I  6-8 84/.787/ - 9-A 99/.769/ - Li I 'H$  As@ 1Qd.782f.140 . 
89/ 430/ - 

1 7 4  100/ 980/ - 

102/ 363/ - 28-A lOp/lW/ - 

@-A 95/.804/ - I-A ios / .ns /  - 42-A 96/.810/ - 
108/ 379/ - r19/ 4281 - 102/ 392/ - 

Key t o  a-gement of data: Abbreviations : 

Sanple Atom $ C/ H/C /.O/C A s  = asphalt01 + Bn = benzyl Py = pyridine 
Yield Bu, Et, Me = n-butyl, ethyl, methyl 
4 HbDS = hemethyldisilazme 

d,  h,  rn = days, hours, minutes No. Vt. $ /-weq.OH/rnole 

Figure 2. Cleavages of asphaltole in pyridine eolution (except with HeI) 
and at room temperature (except a8 noted othenise) .  
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